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THE NITROGENOUS METABOLISM OF B. DYSEN- 

TERIAE (SHIGA), BACILLUS TYPHOSUS, B. 

PARATYPHOSUS ALPHA AND B. 

PARATYPHOSUS BETA 

STUDIES IN BACTERIAL METABOLISM LVIII-LXI 

Arthur Isaac Kendall and Reba Cordelia Haner 

Department of Bacteriology, Northwestern University Medical School, Chicago, III. 

The discovery of the newer and more complete methods for the 
measurement of nitrogenous substances which possess significance in 
the metabolism of the human body, by Folin, 1 has opened new avenues 
of approach to the problem of intermediary nitrogenous metabolism in 
bacterial cultures. Slight changes in the technic of Folin's method for 
the determination of nonprotein nitrogen, 2 which do not affect the 
principle involved but do add somewhat to their applicability to bac- 
terial mediums, have made it possible to fractionate the nitrogenous 
constitutents of bacterial cultures and to follow the quantitative dis- 
tribution of these fractions under varying conditions. The precision of 
measurement attainable by these methods is of such a degree that even 
the finer and less conspicuous phases of bacterial growth may be 
definitely evaluated; the simplicity of the chemical manipulation 
requisite for close duplication of results places the entire process within 
the reach of the average student. 

Hitherto the changes in nitrogenous constituents of cultural 
mediums during bacterial growth have been restricted almost entirely 
to the measurement of the amino nitrogen and ammonia nitrogen, and 
their respective ratios to the total nitrogen of the medium. Ammonia 
formation, resulting from deamination incidental to the intracellular 
utilization of protein or protein derivatives, is of much greater signifi- 
cance than the variation in amino nitrogen. 3 Indeed, the determina- 
tion of the so-called "amino nitrogen" is limited to those NH 2 groups 
of protein, of the various products of protein cleavage by hydrolysis or 
otherwise, of polypeptids and free amino acids which are free and not 
chemically combined with carboxyl groups of other amino acids to form 
the "protein tie." It will be remembered that a dipeptid and a single 
amino acid would give exactly the same theoretical "amino" nitrogen 

Received for publication Oct. 12, 1921. 

1 Jour. Biol. Chem., 1919, 38, p. 81. 

s Kendall: Jour. Infect. Dis., Study LVII, 1922, 30, p. 211. 

8 Kendall and Walker: Ibid., 1915, 17, p. 442. 
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titer if they were examined molecule for molecule. Thus, alanin, and 
alanylalanin (the latter composed of two molecules of alanin minus 
hydrogen and oxygen in the proportions to form water), would each 
possess one free NH 2 group. Folin's nonprotein nitrogen method per- 
mits a much more extensive survey of the nitrogenous constituents 
than has hitherto been possible. The fractions that may be measured 
comprise the following: total nitrogen, protein nitrogen, nonprotein 
nitrogen, ammonia nitrogen, and that portion of nitrogen which is 
obtained by the difference between the total nonprotein nitrogen and 
the sum of the ammonia and amino nitrogen. This fraction in ordinary 
cultural mediums is undoubtedly made up of creatin and creatinin,* 
purin and pyramidin bases, and polypeptids from which the nitrogen 
of the "protein tie" is liberated by the digestion with acid in the process 
of determination of nonprotein nitrogen. For convenience, this resid- 
ual nonprotein nitrogen will be designated "polypeptid" nitrogen, 2 it 
being expressly understood that the term as used is symbolical rather 
than definitive. 

It is clear that any method which opens up possibilities of quantita- 
tive measurement is of material importance in the biologic sciences. A 
series of studies on important pathogenic bacteria indicates that con- 
siderable light may be thrown on the mechanism of their metabolism 
through the application of the new Folin procedures. 



BACILLUS DYSENTERIAE 

STUDY LVIII 

One of the important pathogenic bacterial groups is that of the 
dysentery bacilli. During the Great War the members of this group 
were much studied because of their formidable effects on troops in the 
warmer areas fought over. The Shiga bacillus is the most formidable 
of the group, both on account of its great toxicity and because of the 
residual incapacity for work which Shiga bacillus carriers exhibit after 
recovery from the acute stage of the infection. 5 

In previous communications, 6 a peculiarity of Shiga cultures was 
pointed out, namely, the parallelism in ammonia formation in plain and 
glucose broth cultures during the earlier days of incubation. This 
stands in distinct contrast to the other members of the dysentery group, 7 

4 It would be perfectly possible to determine the creatinin fraction of the polypeptid 
nitrogen by the method of Folin. Jour. Biol. Chem., 1914, 17, p. 475. 

6 Med. Res. Committee, Special Report 29, 1919. 

• Kendall and Farmer: Jour. Biol. Chem., 1912, 12, p. 13. 

7 Except the Schmitz bacillus, which will be discussed later. 
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which attack from the start the protein constituents of plain broth, 
forming therefrom progressive amounts of ammonia, and generating 
coincidently a constantly increasing alkalinity. The same phenomenon 
is observed in cultures of staphylococci, and the explanation advanced 
tentatively is that the so-called carbohydrate fraction of the protein 



TABLE 1 
Bacillus Dysenteriae Shiga 



Mg. per 100 C c 


Control 


Day 


Plain Broth 


Glucose Broth 




1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


1 


1.064 
0.762 
0.302 
0.213 
0.032 
0.055 
+0.60 


1.064 




0.762 




0.302 




0.206 




0.029 




0.057 




+1.30 


p H 










1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


3 


1.064 
0.806 
0.258 
0.178 
0.029 

o.dsi 

+1.00 
7.1 


1.064 




0.818 




0.246 




0.165 




0.027 




0.054 




+2.10 


Ph 


5.5 








1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


6 


1.064 
0.829 
0.235 
0.137 
0.045 
0.053 
+1.20 
7.2 


1.064 




0.896 




0.168 




0.079 




0.040 




0.049 




+4.00 




5.9 








1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


10 


1.064 
0.806 
0.258 
0.158 
0.045 
0.055 
+0.70 


1.064 




0.840 




0.224 




0.135 




0.040 




0.049 




+3.90 


Ph 










1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


15 


1.064 
0.818 
0.246 
0.144 
0.047 
0.055 
+0.30 
7.9 


1.064 




0.818 




0.246 




0.159 




0.044 




0.043 




+4.00 




5.8 







molecule is peculiarly vulnerable to the action of the Shiga bacillus and 
the staphylococcus. These microbes utilize the carbohydrate moiety, 
producing therefrom the acid, and also sparing the nitrogenous con- 
stituents from attack until the carbohydrate is exhausted. In the 
staphylococcus cultures which were studied, the attack on the nitrog- 
enous constituents of plain broth for energy, usually after five days' 
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incubation, was indicated by a sudden increase in ammonia formation, 
the abrupt decrease in the initial acid reaction and the disappearance of 
the Molisch test, which is supposed to depend on the presence of a 
carbohydrate in the protein molecule. 8 

A study of the metabolism of the Shiga bacillus in 5% nutrient 
gelatin, both with and without the addition of 1% of glucose, has sub- 
stantiated the observations made previously, and has shown in addition 
some of the more intimate details of its action on the nitrogenous con- 
stituents of the mediums. 

Reaction: The change in titratable acidity, both in plain and 
glucose gelatin, during the first week of incubation is toward the acid 
side, although much less in the plain than in the glucose medium. An 
attempt was made to follow the change in hydrogen-ion concentration, 
using phenol sulphonephthalein (phenol red) for values above 6.8 and 
below 8.3, and dibromo ortho cresol sulphonephthalein (brom cresol 
purple) for ranges below 6.8 and above 5.4. 9 The observations were 
made in comparitor tubes, practically as suggested in Clark's mono- 
graph. The results were disappointing, chiefly because the "protein 
error," due to the gelatin not only diminishes the brilliancy of the dye, 
but it also, in some way not clearly understood, alters the quality of 
the color so that the comparisons with standard solutions are difficult 
and uncertain. The gas chain method of measuring the electrical 
potential would undoubtedly have been satisfactory, but the amount of 
information elicited in this particular series of studies would have 
been disproportionately small to the time required to obtain it. 

nitrogenous changes 

Although the Shiga bacillus is one of the more inert bacteria, chemi- 
cally speaking, the changes in the nitrogenous constitutents of the 
mediums are clear cut. Whatever attack the microbe may make on the 
protein nitrogen of the medium is more than compensated for by the 
increase in protein nitrogen of the culture attributable to the growth of 
the bacilli. This formation of bacterial protein, furthermore, is at the 
expense of the residual nonprotein nitrogen after the subtraction there- 
from of the amino and ammonia nitrogen. Neither the amino nitrogen 
nor the ammonia nitrogen show noteworthy changes, even during the 
late days of incubation (10 days) when the recessive changes and 

» Kendall and Farmer: Jour. Biol. Chem., 1912, 12, p. 215. 
• Clark: Determination of Hydrogen Ions, 1920. 
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autolytic processes seem to redissolve and restore to the nonprotein 
fraction some of the substance that was built up into the bacterial bodies 
in the earlier days of growth. 

It would appear that in these gelatin mediums the Shiga bacillus 
found the best structural nitrogenous compounds in the residual, non- 
protein nitrogen moiety, which contains, as explained in the foregoing, 
polypeptids, together with smaller and unknown amounts of purin and 
pyramidin bases and creatinin. It is not surprising to find that the 
bacilli grow more rapidly in the medium containing glucose. This is 
shown by the more rapid and greater accumulation of "protein nitro- 
gen" in the glucose medium. Also, as might be expected perhaps, the 
rate and extent of autolysis is somewhat less in the glucose medium. 
As soon as the evidences of carbohydrate in the gelatin-peptone mole- 
cules are gone (approximately 10 days), the evidences of proteolysis 
become somewhat more apparent, although at that late stage the 
process cannot presumably go very far. It would appear that the 
addition of gelatin to cultural mediums intended for the growth of B. 
dysenteriae would not materially enrich them; there is practically no 
evidence that the bacilli produce any significant alteration in that por- 
tion of the total nitrogen fraction which would obviously belong to the 
true gelatin-protein moiety. 



BACILLUS TYPHOSUS 

STUDY LIX 

The belief is fairly widespread that cultures of pathogenic bacteria 
kept on artificial mediums for long periods of time tend to lose some of 
those qualities which are collectively spoken of as "virulence." In 
some instances this loss is manifested by a decreased ability to incite 
lesions or cause death in experimental animals. In other cases there 
may be a distinct loss or even complete disappearance of toxin-produc- 
ing power. On the other hand, it is a matter of common observation 
that the initial growths of pathogenic bacteria outside the body are 
difficult to obtain, and also that successive transfers of such organisms 
on artificial mediums are more and more readily produced. It might be 
confidently expected that there may be some relationship expressible 
in chemical terms which would be parallel to this phenomenon, as 
increased ability to grow under the conditions imposed by cultural con- 
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ditions would suggest an adaptability to the chemical nutrients of arti- 
ficial pabula. In one definite instance, a quantitative but not qualitative 
difference between a virulent and a nonvirulent strain was detected, 
namely, in two cultures of hog cholera bacilli, obtained from Dr. Theo- 
bald Smith several years ago. 1 The virulent strain was noticeably less 
proteolytic than the avirulent one. There was no evidence available at 
that time to indicate whether this difference was due wholly to incom- 
plete adaptation of the virulent strain of the hog cholera bacillus to 



TABLE 1 
Bacillus Typhosus, 1 



Mg. per 100 C c 

Total nitrogen 

Protein nitrogen 

Nonprotein nitrogen 

Polypeptid nitrogen 

Amino nitrogen 

Ammonia nitrogen 

Reaction 

Ph 

Total nitrogen 

Protein nitrogen 

Nonprotein nitrogen 

Polypeptid nitrogen 

Amino nitrogen 

Ammonia nitrogen 

Reaction 

Ph 

Total nitrogen 

Protein nitrogen 

Nonprotein nitrogen 

Polypeptide nitrogen 

Amino nitrogen 

Ammonia nitrogen 

Reaction 

Ph 

Total nitrogen 

Protein nitrogen 

Nonprotein nitrogen 

Polypeptid nitrogen 

Amino nitrogen 

Ammonia nitrogen 

Reaction 

Ph 



Control 



1.080 
0.778 
0.802 
0.210 
0.042 
0.050 
+0.80 
7.2 



1.080 
0.778 
0.302 
0.210 
0.042 
0.050 
+0.80 
7.2 



Day 



Plain Broth 



1.080 
0.800 
0.280 
0.175 
0.048 
0.057 
+1.30 
7.3 



1.080 
0.811 
0.2«9 
0.167 
0.044 
0.058 
—0.80 
7.8 



Glucose Broth 



1.080 
0.790 
0.290 
0.196 
0.045 
0.049 
+5.10 
5.0 



1.080 
0.801 
0.279 
0.181 
0.051 
0.047 
+5.40 
5.0 



1.080 
0.778 
0.302 
0.210 
0.042 
0.050 
+0.80 
7.2 



1.080 
0.923 
0.157 
0.044 
0.043 
0.070 
-1.40 
8.4 



1.080 
0.913 
0.167 
0.067 
0.052 
0.048 
+5.80 
5.0 



1.080 
0.778 
0.302 
0.210 
0.042 
0.050 
+0.80 
7.2 



10 



1.080 
0.868 
0.212 
0.097 
0.038 
0.077 
-2.10 
8.7 



1.080 
0.890 
0.190 
0.102 
0.040 
0.048 
+4.20 
5.3 



artificial conditions (it grew somewhat less luxuriantly, but not 
decidedly so, than the avirulent strain), or whether other and wholly 
unsuspected or unknown factors played a prominent part in this 
definite phenomenon. 

An opportunity presented itself to study two strains of typhoid 
bacilli, 1 and 2, under nearly parallel conditions. Culture 1 has been 
kept as a stock laboratory culture with monthly transfers, for a period 

1 For analytical details, see Kendall and Farmer, Jour. Biol. Chem., 1912, 12, p. 19. 
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of at least 12 years. Culture 2 is said to have been isolated within 
a recent period, less than a month. The nitrogenous metabolism of 
these 2 cultures was studied, using methods previously described, 2 and 
extending over a period of 10 days for the older strain and 15 days for 
the newer strain, respectively. 

DISCUSSION 

Certain quantitative differences in the intensity of the reactions 
induced by the two strains are clearly discernible, but it is quite evident 
that the significance to be attached to them is not great. It is quite 
probable that the variations in the amount of growth, suggested by the 
increases in protein nitrogen, are potent factors in evaluating these 
changes. Culture 1 at the end of the seventh day, for example, in plain 
nutrient gelatin had increased the protein nitrogen fraction 14.5%, 
while culture 2 had increased the corresponding fraction less than 8%. 
A more distinctive change is that of the accumulation of free ammonia. 
Here the deamination in culture 1 was equal to 2.7% of the total nitro- 
gen of the culture medium, while that of culture 2 was almost exactly 
1%. The tendency, on the whole, is for culture 1 to be somewhat more 
active in deamination than culture 2, a phenomenon which had its 
counterpart in the avirulent and virulent hog cholera bacilli, referred to 
previously. The tables show quite clearly that the increase in protein 
nitrogen, due presumably to the actual increase in bacterial protein is 
largely at the expense of the residual nonprotein nitrogen, the "poly- 
peptid nitrogen," after deduction of the amino nitrogen and ammonia 
nitrogen. The autolytic changes in both cultures after the seventh day 
of incubation are quite clearly indicated by the decrease in protein 
nitrogen at that time. This change is materially greater in culture 1 
than in culture 2. 

The sparing action of glucose for the protein constituents of the 
mediums utilizable for energy is shown by the differences in deamina- 
tion in plain and glucose cultures, respectively. The total amount of 
bacterial protein, evidenced by the increase of protein nitrogen as 
incubation proceeds, is roughly parallel in each culture, and in each 
medium. The amino nitrogen undergoes little change, although what- 
ever difference there may be favors an increase in the glucose gelatin 
and a reduction in the plain gelatin. In the former medium, however, 
there is a slight but actual diminution in the amount of ammonia (no 

2 Kendall: Jour. Infect. Dis., Study LVII, 1922, 30, p. 211. 
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increase in deamination), whereas in the plain gelatin the tendency is 
toward an increase. This is in harmony with many previous investiga- 
tions on this subject. Final evidence of the effects of carbohydrate on 
the energy requirements of bacteria will be obtained when adequate 
methods for measuring accurately the carbon metabolism of bacteria 



TABLE 2 
Bacillus Typhosus, 2 



Mg. per 100 c 


Control 


Day 


Plain Broth 


Glucose Broth 




1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


1 


1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.30 


1.064 




0.762 




0.302 




0.210 




0.038 




0.054 




+3.00 


Ph 










1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


3 


1.064 
0.829 
0.235 
0.156 
0.026 
0.053 
—0.60 
7.8 


1.06* 




0.840 




0.224 




0.143 




0.035 




0.046 




+4.70 


Ph 


5.5 








1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


6 


1.064 
0.840 
0.224 
0.127 
0.037 
0.060 
—1.40 
7.9 


1.064 




0.874 




0.190 




0.102 




0.042 




0.046 




+4.60 


P H 


5.9 








1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


10 


1.064 
0.795 
0.269 
0.169 
0.033 
0.067 
—1.60 


1.064 




0.829 




0.235 




0.147 




0.041 




0.047 




+4.90 


P H 










1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


15 


1.064 
0.739 
0.325 
0.220 
0.041 
0.064 
—1.90 
8.6 


1.064 




0.806 




0.258 




0.158 




0.052 




0.048 




+5.20 


Ph 


5.8 







are available. It should be stated, however, that the decided change in 
reaction exhibited by the cultures in glucose gelatin, as evidenced by 
change in titratable acidity and hydrogen-ion concentration, point 
unmistakably to a vigorous action on carbohydrate in the glucose 
mediums. 
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The alterations in reaction in purely nitrogenous mediums under 
otherwise parallel conditions are distinct, but quantitatively much less. 
The basicity of the protein reaction is, in proportion to the increase of 
protein nitrogen, rather at the relative expense of the residual or poly- 
peptid nitrogen in the plain gelatin cultures, however. 

It appears to be quite clear that the addition of gelatin to cultures 
of typhoid bacilli, containing the usual peptone and meat extractives, 
is of no material benefit in so far as the purely nutritional value of the 
nitrogenous constituents of the gelatin is concerned. Whether the 
colloidal conditions of the solution are improved for bacterial growth 
by the addition of gelatin is not answered by these experiments." 



BACILLUS PARATYPHOSUS ALPHA 

STUDY LX 

Bacillus paratyphosus alpha is a member of the intermediate, or 
paratyphoid group of bacilli, which, it will be remembered, usually 
incite infections in man similar to but usually less severe than typhoid 
fever. The alpha type is somewhat less commonly encountered in 
human infections in the United States than the beta type, judging from 
available statistics. Also, the type of infection induced is said to be 
more nearly typhoidal both in course and severity. Chemically, the 
alpha organism approaches quite closely in its general reactions the 
more commonly encountered typhoid strain ; that one which induces a 
persistent acid reaction in milk. Milk cultures of both the typhoid 
bacillus type just mentioned and B. typhosus alpha may exhibit some- 
what lessened acidity after several days' incubation, but this tendency 
is by no means as marked as that characteristic of milk cultures of B. 
typhosus beta. Milk cultures of the beta type exhibit an initial acidity 
in milk under normal conditions which soon (three days on the aver- 
age) turns toward the alkaline side. The older cultures not infre- 
quently assume a semitranslucent appearance, due chiefly to a slow 
degradation of the milk proteins. This digestion is rather of the peptic 
than the tryptic type, so far as chemical analyses indicate, because the 
change in the amino nitrogen fraction is relatively slight and quite 
unlike that of actively proteolytic bacteria, as, for example, typical 
strains of B. proteus. 
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A study of the nitrogenous metabolism of a typical strain of B. 
paratyphosus alpha, using the newer procedure which furnishes several 
distinct fractions of nitrogenous nutritive substances, 1 has thrown some 
light on the character of the intermediary changes in the gelatin-pep- 
tone-meat extractive medium during the growth of the organism, and 
also the effect of adding glucose to the protein constituents as an addi- 
tional source of energy. 

Bacillus Paratyphosus Alpha- 



Mg. per 100 C c 

Total nitrogen 

Protein nitrogen 

Nonprotein nitrogen 

Polypeptid nitrogen 

Amino nitrogen 

Ammonia nitrogen 

Reaction 

P» 

Total nitrogen 

Protein nitrogen 

Nonprotein nitrogen 

Polypeptid nitrogen 

Amino nitrogen 

Ammonia nitrogen 

Reaction 

Pk 

Total nitrogen 

Protein nitrogen 

Nonprotein nitrogen 

Polypeptid nitrogen 

Amino nitrogen 

Ammonia nitrogen 

Reaction 

Pb 

Total nitrogen 

Protein nitrogen 

Nonprotein nitrogen 

Polypeptid nitrogen 

Amino nitrogen 

Ammonia nitrogen. ...... 

Reaction 

Ph 



Control 



1.080 
0.778 
0.302 
0.210 
0.042 
0.050 
+0.80 
7.2 



Day 



Plain Broth 



1.080 
0.789 
0.291 
0.184 
0.049 
0.056 
+1.90 
7.1 



Glucose Broth 



1.080 
0.790 
0.290 
0.199 
0.039 
0.052 
+3.90 
5.9 



1.080 
0.778 
0.302 
0.210 
0.042 
0.050 
+0.80 
7.2 



1.080 
0.811 
0.269 
0.167 
0.041 
0.061 
—0.60 
7.7 



1.080 
0.801 
0.279 
0.188 
0.043 
0.048 
+4.90 
5.0 



1.080 
0.778 
0.302 
0.210 
0.042 
0.060 
+0.80 
7.2 



1.080 
0.923 
0.157 
0.055 
0.038 
0.064 
-1.00 
8.4 



1.080 
0.879 
0.201 
0.104 
0.049 
0.048 
+5.20 
5.3 



1.080 
0.778 
0.302 
0.210 
0.042 
0.050 
+0.80 
7.2 



10 



1.080 
0.890 
0.190 
0.085 
0.025 
0.080 
-1.10 
8.7 



1.080 
0.890 
0.190 
0.103 
0.040 
0.047 
+5.30 
5.3 



DISCUSSION 

The growth of the organism in both the plain and the glucose 
gelatin was luxuriant, judging from the increase in the protein nitrogen 
fraction, and the corresponding decrease in the nonprotein constituents. 
At the end of the seventh day, when the change was greatest, and 
before autolytic changes had brought about a partial resolution of the 
bacterial substance, there was an increase in protein nitrogen of 145 mg. 
in each 100 cc of culture medium (plain gelatin). This amounts 
almost exactly to 14.5% increase in the protein nitrogen fraction. The 



1 Kendall: Jour. Infect. Dis., Study LVII, 1922, 30, p. 211. 
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ammonia increased somewhat during this time, but there was no pro- 
portionate variation in the amino-nitrogen fraction. Indeed, this 
remained practically constant; the small fluctuation, amounting to 
0.04 of 1% (4 mg.) at the height of the protein nitrogen increase, is 
almost within the limits of error of the method. 

The great and significant change corresponding to the increase in 
protein nitrogen (protein of the bacterial substance itself) is that 
observed in the residual nonprotein nitrogen after correction for the 
amino and ammonia-nitrogen fractions, respectively. This corresponds 
to the polypeptid nitrogen discussed in an earlier communication. 1 

In glucose gelatin the same relative increase in protein nitrogen is 
observed, although the maximum is not as great in this medium as in 
plain gelatin. In actual figures, it amounts to slightly more than 11% 
in -glucose gelatin compared with 14.5% in plain gelatin. The amino- 
nitrogen fraction undergoes practically no change in the glucose gelatin, 
as was the case in the plain gelatin cultures. 

The evidences of deamination, shown by the free ammonia fraction, 
are absent in glucose gelatin ; the extreme variation in this fraction is 
3 mg. from the uninoculated controls. Three milligrams' variation in 
100 cc of medium corresponds in this instance to 0.3 of 1% of the 
total nitrogen. On the contrary, the deamination in the plain gelatin 
cultures, in which the organisms obtain their energy from protein 
derivatives (polypeptids chiefly), amounts progressively from 0.6 of 
1% in the 24-hour cultures to 3% in the 10-day cultures. As deamina- 
tion is a measure of the intracellular utilization of protein derivatives 
for energy, this result might have been confidently expected in plain 
broth cultures. 

The glucose gelatin cultures contain a readily utilizable non-nitrog- 
enous source of energy as well as the nitrogenous polypeptid fraction 
in common with the plain gelatin medium. The absence of evidence 
of deamination in the glucose gelatin, therefore, points clearly to the 
sparing action of glucose for the protein derivatives in glucose gelatin 
cultures of this organism. It will be remembered that B. paratyphosus 
alpha produces gas (C0 2 and H 2 ) and acid in glucose mediums ; a basic 
reaction, no gas and no acid in plain nutrient broth. Here again the 
sparing action of the glucose for the protein constituents of the medium 
as a source of energy is manifested. This is expressed in determinative 
or diagnostic bacteriology by stating that B. paratyphosus alpha "fer- 
ments glucose." 
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BACILLUS PARATYPHOSUS BETA 

STUDY LXI 

The appended analytic tables illustrative of the nitrogenous metab- 
olism of a culture of B. paratyphosus beta are confirmatory of the 
general phenomena observed in cultures of B. typhosus and of B. para- 
typhosus alpha. 1 The growth of the beta strain herein described was 
somewhat less luxuriant than is the case with many current strains, but 
the general character of the results is unmistakable. The increase in 
protein nitrogen is, as" before, indicative of the luxuriance of the 
development of the bacteria. 



Bacillus Paratyphosus Beta 



Mg. per 100 c 


Control 


Day 


Plain Gelatin 


Glucose Gelatin 




1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


1 


1.064 
0.762 
0.302 
0.207 
0.035 
0.060 
+0.60 


1.064 




0.762 




0.302 




0.210 




0.035 




0.057 




+2.60 


Ph 










1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


3 


1.064 
0.829 
0.235 
0.152 
0.023 
0.060 
—0.60 
7.8 


1.064 




0.863 




0.201 




0.117 




0.029 




0.054 




+4.80 


Ph. 


5.5 








1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


6 


1.064 
0.829 
0.235 
0.135 
031 
0.069 
—1.60 
7.9 


1.064 




0.863 




0.201 




0.112 




0.038 




0.051 




+6.20 


Ph 


5.9 








1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


10 


1.064 
0806 
0.258 
0.155 
0.024 
0.079 
—1.90 


1.064 




0.840 




0.224 




0.137 




0.039 




0.048 




+5.70 


Ph 










1.064 
0.762 
0.302 
0.213 
0.032 
0.057 
+0.60 
7.0 


15 


1064 
0.762 
0.302 
0.201 
0.034 
0.067 
—2.10 
8.8 


1.064 




0.818 




0.246 




0.161 




0.038 




0.047 




+6.30 




5.8 







1 Kendall and Haner: Studies LVIII and LIX, Jour. Infect. Dis., 1922, 30, pp. 226, 229. 
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In the series under consideration, the growth in the glucose gelatin 
culture was somewhat more vigorous than that in the plain gelatin cul- 
ture. The sparing action of the glucose for the protein constituents of 
the medium, manifested by the uniform absence of an increase in 
ammonia, is clear cut. Although there was an undoubted disparity of 
growth in the plain and glucose mediums in favor of the latter, the 
evidence of deamination (ammonia increase) is exhibited only in the 
plain gelatin cultures. 

The maximum development in both plain and glucose cultures is 
reached on or about the seventh day of incubation. By the tenth day 
recessive changes, associated with a partial resolution of the protein 
locked up in the bodies of the bacteria (autolysis) are clearly dis- 
cernible. The gelatin protein, as before noted, 1 plays a minor and 
negligible part in providing nitrogenous nutriment for the bacilli, even 
in plain gelatin. The conclusion that gelatin protein is not as favorable 
a source of nitrogenous energy as the polypeptid fraction of the medium 
for B. paratyphosus beta seems to be clearly demonstrated through the 
fact that the increase in protein nitrogen is paralleled by a correspond- 
ing decrease in the residual nonprotein fraction of the nitrogenous con- 
stituents of the medium after correction for the amino-nitrogen and 
ammonia-nitrogen portions. 

The influence of glucose on the utilization of protein derivatives for 
energy is clearly shown not only by the difference in deamination, 
previously mentioned, but also by a comparison of the increase in 
protein nitrogen, due to the transformation of nonprotein nitrogen into 
actual bacterial substance with the corresponding change in residual 
nonprotein nitrogen after allowance for deamination. 

The increase in protein nitrogen in the plain gelatin culture is (10 
days) 44 mg. ; in glucose broth, in which the development was more 
luxuriant, 78 mg. Twenty-two mg. of ammonia were produced by the 
simultaneous deamination of nitrogenous substances in the plain gelatin, 
whereas there was a slight deficit in ammonia in the glucose gelatin 
incidental to the production of 78 mg. of protein nitrogen (bacterial 
protein). Corresponding to the increase of 78 mg. of protein nitrogen 
in the glucose-gelatin culture, there was a decrease of 76 mg. of residual 
nonprotein nitrogen after correction for the amino nitrogen and free 
ammonia. In contrast to this close relationship between polypeptid 
decrease and protein nitrogen increase, the plain broth nitrogenous 
changes appear significant. 
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The protein nitrogen increase in the plain gelatin amounted to 44 mg. 
(10-day culture), and the corresponding polypeptid nitrogen decrease 
was 48 mg., or nearly 25% more. This disproportion between bac- 
terial protein increase and polypeptid nitrogen decrease in the two 
mediums is again an indication of the sparing action of utilizable carbo- 
hydrate for energy by many bacteria. In other words, B. paratyphosus 
beta appears to multiply in a glucose gelatin medium to a greater extent 
with a smaller concomitant expenditure of nitrogenous substance than 
is the case in plain gelatin, in which both the structural and energy 
requirements for the entire metabolic process must be derived from the 
nitrogenous constituents of the medium. 



